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Enabling Computational Technologies for Tera-Scale Simulations

Mission

We conduct collaborative scien-
tific investigations which require
the power of high performance
computers and the efficiency of
modern computational meth-
ods. Our research and devel-
opment activities are applica-
tions driven, and focused on
LLNL programmatic objectives
that require advanced compu-
tational technologies. Our core
competencies include high per-
formance computing, numerical
mathematics, computational
physics, algorithm development,
and scientific data management
and visualization.

he Center for Applied Scientific
I Computing (CASC) at LLNL

was formed in March 1996 as a
focal point for computational science
research and advanced applications
development within the Computa-
tion Directorate. The nearly thirty
numerical mathematicians, computa-
tional physicists, and computer scien-
tists in CASC work closely with our
colleagues in Livermore Computing
(LC) and in Laboratory programs to
enable tera-scale scientific simula-
tions in a variety of application areas.

Computational Science
Research Group

The Computational Science
Research Group (CSR) develops new
scientific application codes for high
performance computers, and uses
these codes to conduct collaborative,
multidisciplinary scientific investiga-
tions. The design, implementation,
and evaluation of new computational

technologies are critical to the suc-
cess of these efforts. The CSR works
closely with the Advanced Applica-
tions Development Group to insure
that these technologies are trans-
ferred to LLNL programs.

Advanced Applications
Development Group

The Advanced Applications
Development (AAD) Group works
closely with LLNL programs (often
as members of their code teams) to
develop and port challenging scien-
tific application codes to high perfor-
mance computers. It also incorpo-
rates new computational
technologies into these codes and
develops scientific visualization soft-
ware for the applications. The AAD
collaborates with the CSR to insure
that relevant research results are
transferred to LLNL programs.

Collaborative Scientific
Investigations

CASC is collaborating with sev-
eral LLNL programs on applications
in defense, energy, engineering, and
environmental sciences. For exam-
ple, we are numerically exploring
materials properties (Figure 1) and
turbulent flow (Figure 2) in support
of the Laboratory’s stockpile stew-
ardship mission (ASCI). We are part
of the Numerical Tokamak Project
(Figure 3) for magnetic fusion energy
and we are working with the oil
industry to apply our expertise in
neutron transport to nuclear well
logging (Figure 4). We are building
complex simulation codes to study
environmental issues via global cli-
mate modeling (Figure 5) and sub-
surface flow and transport (Figure 6).
Each of these collaborative scientific

University of California
[l Lawrence Livermore
National Laboratory

Fig. 1. Materials design seeks to understand mate-
rials properties through computer simulation.

Fig. 2. Rayleigh-Taylor instability occurs when a
light fluid attempts to support a heavier fluid.

Fig. 3. Turbulent Gyro-Landau flow within a
tokamak reactor (image taken from an interac-
tive distributed visualization system).

Fig. 4. Solution to a nuclear well logging prob-
lem for a water-filled borehole, using our new
method for eliminating ray effects.
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Fig. 5. Mean surface temperature during the
Northern Hemisphere’s winter months, as com-
puted by our atmospheric general circulation
model.

Fig. 6. ParFlow is being used to study the
effect of pumping on plume migration at the
Ajax site.

investigations requires the power of
high performance computing and the
efficiency of modern numerical
methods.

Enabling Computational
Technologies

Tera-scale scientific simulations
require scalable numerical methods
and flexible code frameworks.
CASC is conducting research in
both areas. We are promulgating
our expertise in differential equa-
tions via the parallel PVODE pack-
age (Figure 7). Recently, we devel-
oped a fast and scalable multigrid
preconditioned conjugate gradient
solver for modeling groundwater
flow (Figure 8), and we are cur-
rently working with ASCI code
groups to modify this technology
for application to radiation
diffusion.

In the area of code frameworks,
we are developing a parallel adap-
tive mesh refinement (AMR) code
infrastructure for applications in
materials science (Figure 9),
groundwater flow modeling, and

neutron transport. The design and
implementation of efficient commu-
nication primitives for scientific
applications (Figure 10) are critical
to these efforts.

External Collaborations

In addition to our internal pro-
grammatic collaborations, CASC is
also collaborating with colleagues
from academia, industry, and other
federal laboratories on a variety of
applied research topics. For exam-
ple, we are teaming with Cray
Research, Inc. and Digital Equip-
ment Corporation to integrate our
numerical algorithms into their
mathematical libraries.

We have an active visitor and
seminar program, as well as a sum-
mer program for undergraduate
and graduate students. This uni-
versity outreach is an essential
ingredient to CASC’s long term
vitality and success.

Computing Resources

LLNL is home to the ASCI Blue
Pacific massively parallel computer.
When fully configured in 1999, this
machine will consist of 512 8-
processor nodes, with an aggregate
of more than 2 TB of memory. This
SMP cluster will be capable of 3-TF
sustained performance.

LLNL is also working with the
Digital Equipment Corporation to
deploy a cluster of Alpha-based
SMPs as part of the Laboratory’s
Multiprogrammatic and Institu-
tional Computing Initiative. The ini-
tial configuration will boast a peak
of nearly 100 GF and have more
than 45 GB of memory. Visualiza-
tion expertise is available from LC’s
Visualization Laboratory.

For additional information on CASC’s
research efforts, or if you are interested
in a visiting, career, or postdoctoral
position, please contact

Steven Ashby, Director,
sfashby@lInl.gov.

You also are welcome to visit our Web
site (www.lInl.gov/CASC).
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Fig. 7. PYODE, our parallel solver for nonlinear
and differential equations, has a modular and
extensible design.
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Fig. 8. Our multigrid preconditioned conjugate
gradient solver is 100 times faster than com-
peting linear solvers.

Fig. 9. Adaptive mesh refinement technology is
used to focus computational effort where it is
most needed.

v welollo o oo 000 0 0oow
uu\goooooooooJuu
[© 0 Qllo 0o 0 0 0 0o o o0 o 9
o O O|Ww we @ @ ® & [C O O
o0 Olwe o @« 0 e p efaco o
OO0 Oee @ @ @ @ @ @ |@c OO
OO0 O M e 8 e e e e aCOO
oo olfefe & @ @« @« @ @ [@lc O O
00 Clele d @ @ @ @ @ @00 O
o 0 0 e de ¢ o b o o 0 0
O 0 OJ[oc 00000 0 0 Olc o 0O
o ofollo o oo oo oo offclo o
oooooooooooo;oo

Fig. 10. Our AMPS communications layer allows
the applications developer to code in terms of
stencil operations.

Work performed under the auspices of the U.S. DOE by LLNL under contract No. W-7405-ENG-48



